BACKGROUND: Knowledge acquisition is a goal of residency and is measurable by in-training exams. Little is known about factors associated with medical knowledge acquisition.
INTRODUCTION
Medical knowledge is one of six general competencies endorsed by the Accreditation Council for Graduate Medical Education (ACGME). 1 Standardized exams are well suited to the assessment of medical knowledge. The Internal Medicine In-Training Examination (IM-ITE) is a multiple choice test used to self-assess medical knowledge of internal medicine residents during their 3-year training program. This national standardized exam developed jointly by the American College of Physicians, Association of Professors of Medicine, and the Association of Program Directors of Internal Medicine 2 is administered each October to over 18,000 internal medicine residents. 3 This validated exam is predictive of performance on the American Board of Internal Medicine Certification Examination (ABIM-CE). [4] [5] [6] [7] While some studies have attempted to assess the impact of specific learning habits on medical knowledge acquisition, they have demonstrated either no association or very small associations with ITE performance. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Importantly, these studies did not account for the influence of prior test performance on subsequent test performance in the analyses of factors associated with medical knowledge acquisition. The purpose of this study was to examine the impact of learning habits such as conference attendance and utilization of an electronic knowledge resource on medical knowledge acquisition as measured by the IM-ITE.
METHODS

Setting
The Mayo Clinic Internal Medicine Residency has approximately 48 categorical residents in each of 3 years of sequential training. All 195 residents from the 4 classes who took the IM-ITE in 2002 and 2003 formed the cohort for this study (see Tables 1 and 2 ). There were no major changes to the overall residency curriculum during the time of this study. Variables reported or speculated to influence IM-ITE performance were obtained from data on file with the internal medicine residency program and the human resources department of the Mayo Clinic, Rochester, MN (see Table 2 ). In the manner usual to this residency, an electronic card-swipe system was used to record attendance at 4 residency required conferences each week: morbidity and mortality, grand rounds, and two core-curriculum conferences. United States Medical Licensing Exam Step 1 (USMLE-1) is the first of 3 standardized tests required for medical licensure in the United States. Most medical students take USMLE-1 after their second year of medical school. These scores were available for residents in our cohort and were obtained from data provided at the time of application to the residency program. Residents were required to take an objective structured clinical examination (OSCE) where interpretation of 10 patients with physical exam abnormalities was scored on a 100-point scale. 12 Class rank is an ordinal numbering of residents in each class based on their grades averaged over the number of residency rotations they have completed. National residency matching program (NRMP) rank is an ordinal list by which medical students are assigned to residency programs after medical school. Information regarding usage of the electronic knowledge resource is described below.
Residents had opportunity to withhold IM-ITE scores or electronic knowledge resource usage information from analysis. All elected to be included in the study. This study was approved by the institutional review boards of the Mayo Clinic and the Johns Hopkins Bloomberg School of Public Health.
Electronic Knowledge Resource
UpToDate (Waltham, MA) is a proprietary electronic knowledge resource widely used by trainees and clinicians because of ease of use, broad coverage of multiple topics, and frequent updates. [21] [22] [23] [24] This learning resource was selected as a study parameter for 2 reasons. First, UpToDate is a common knowledge compendium that is used by many internal medicine residents. Tables 1 and 2 ). The fact that not all residents took the IM-ITE the same number of times is one reason for use of a random effects model (see "Statistical Analysis" below). Scores on the IM-ITE are reported as percent questions correct and percentile, based on year of residency, normed for performance of other residents of similar training level across the country. For purposes of clarity, when we refer to IM-ITE score, we are referring to the percent questions correct.
Statistical Analysis
Data were collected electronically into a Microsoft access database. Graphical and tabular displays were used to examine Table 3 , calendar year of test administration, and a random intercept that accounts for unmeasured factors that may influence IM-ITE performance and cause correlation among repeated scores for an individual, including the possibility of modified testing behavior based on previous test scores. 11 In a random intercept model, the inferences about each predictor combine test-score differences within an individual resident over time with differences among all residents over time, giving more weight to the former when there is more variation in the residents' levels of performance. We used robust variance estimates for the fixed effects coefficients to reduce the sensitivity of our findings to incorrect assumptions about the random effects. 25 
RESULTS
The association of calendar year of test administration on score was intrinsic to our a priori model in addition to the variables listed in Table 3 Fig. 1 ). Taken together, these results demonstrated that there was no evidence of bias related to cohort, class, or baseline knowledge effects. When adjusting for all variables associated with prior medical training, prior achievement, and demographics, attendance at residency conferences was associated with an increase in IM-ITE score of 3.9% per 100 conferences attended (95% CI 2.1%, 5.7%; p<.001). There were 4 conferences per week or approximately 200 conference opportunities per year. Thus, an IM-ITE score increase of 3.9% would be expected for attendance at one half of the conferences.
Similarly, use of UpToDate was associated with an increase in IM-ITE score of 3.7% per 100 hours of use (95%CI 1.0%, 6.4%; p=.008). Thus, UpToDate use on average of 20 minutes per day or 122 hours in the year before the IM-ITE would be associated with a score increase of 4.5% (95%CI 1.2%, 7.8%).
As expected, variables associated with better prior medical achievement were associated with higher IM-ITE scores. Specifically, each unit score increase on USMLE-1 was associated with an increase in IM-ITE score of 0.19% (95%CI 0.12%, 0.27%; p<.001). Similar increases in IM-ITE score were associated with USMLE-2 and USMLE-3 scores. However, these data were not included in the final model because unlike USMLE-1 scores, USMLE-2 and USMLE-3 scores were not uniformly available for all residents in our cohort due to the timing of these examinations in the training cycle.
For the remainder of the results of the analysis and comparisons of covariates, please see Table 3 .
DISCUSSION
Medical knowledge acquisition is an important goal of residency training. Our findings suggest that self-directed reading of an electronic knowledge resource 20 minutes per day or Also included in the model were the ordinally numbered data for calendar year of test administration, class rank, and National residency matching program (NRMP) rank order (see text and Table 3 ).
conference attendance 2 times per week is associated with improved IM-ITE scores comparable to the score increase associated with 1 year of internal medicine training. These findings are based on quantitative data from objective sources. There was no reliance on survey data or self-reported study habits for this analysis. In addition to these new findings, this study adds to the literature by demonstrating a methodological approach to the relationship of medical knowledge acquisition with learning habits and variables hypothesized to effect test performance such as prior knowledge.
Our findings are educationally as well as statistically significant. Several authors have demonstrated the association between IM-ITE score and passing the ABIM-CE. [4] [5] [6] [7] Grossman, et al. 5 found that IM-ITE scores above the 35th percentile had a positive predictive value of 89% for passing the ABIM-CE. As the correlation between IM-ITE score and percentile is linear below the 90th percentile with a slope of 3.7, utilizing UpToDate for 20 minutes per day would be associated with a 4.5% score increase, which would result in a percentile increase of 17% for those residents who initially scored below the 90th percentile (see Fig. 2 ). As the range of data for UpToDate use includes amounts greater than the 122 hours associated with use of 20 minutes per day in the year before the IM-ITE, this estimate is appropriate to the model (see .7), 59 (7.6), and 61 (7.9), respectively. There was no statistical difference in these baseline score distributions assessed by ANOVA, p=.67 Class Rank is an ordinal numbering based on average faculty evaluations (i.e., grades) for all residency rotations. ¶ Parenthood indicates whether or not the resident had any children at the time of the IM-ITE administration. Table 2 ). This level of use is above the mean for our cohort. However, the association of usage with IM-ITE score is proportionate to total usage; so, even the mean usage of 33.4 hours before the 2003 IM-ITE is associated with a score increase of 1.24%, which translates to a percentile increase of 4.6% for those with scores below the 90th percentile. This increase remains educationally significant especially for those who may be near the 35th percentile, which is associated with passing the ABIM-CE. 5 It should be noted that mean usage is lower before the 2002 IM-ITE because UpToDate was only available for 6 months before this exam, whereas it was available for the full year before the 2003 IM-ITE (see "Methods" and Tables 1 and 2) . Although many learners now use electronic knowledge resources such as UpToDate, some educators have raised concerns about the use of knowledge compendia in preference to primary searches of the literature to answer clinical questions. 21, 27, 28 Our findings do not support the suggestion that use of these compendia may actually be detrimental to the acquisition of medical knowledge. 29 Although seemingly intuitive, prior studies investigating the association between conference attendance and test performance have shown no effect. 8, 9 However, these studies were not sufficiently powered, nor did they control for other variables that could affect IM-ITE performance, most notably previous IM-ITE scores. We demonstrate that conference attendance 2 times per week for 1 year is another independent factor associated with IM-ITE increases similar to that of a year of clinical training. Since 100 conferences attended per year are within the range of our data, the estimate is appropriate to our model (see Table 2 ). Similar to the calculations above for UpToDate usage, the mean conference attendance of 59 per year in our cohort is associated with an IM-ITE score increase of 2.3%, which would translate to a percentile increase of 8.5% for those scoring below the 90th percentile. Thus, even conference attendance at the mean level is associated with educationally significant improvements on the IM-ITE, given that a score of 35th percentile is associated with passing the ABIM-CE. 5 Not unexpectedly, we found a positive association between USMLE-1 scores and IM-ITE scores. More important is that when adjusting for this expected association, the other covariates in the model remained significantly associated with IM-ITE score, indicating that these associations can not be accounted for just by innate test-taking ability.
The associations of increasing PGY and IMG status with increasing IM-ITE scores are similar in direction and magnitude to the associations previously reported. 3 The better performance by IMGs has been speculated to reflect higher board scores which may become the focus for residency selection committees who have fewer variables of comparison on which to make decisions. However, our study adjusted for USMLE-1 scores in all IMGs in our cohort, suggesting that better IM-ITE performance observed in IMGs is not due to previous board scores or test-taking ability. Thus, IMGs in US residency programs may have learning skills that are as of yet unexplained. We speculate that at least some IMGs come from environments where self-directed learning habits are essential to their success and that continuation of these habits in residency is associated with greater knowledge acquisition. Furthermore, IMGs who train in the United States have a diverse spectrum of previous training, sometimes including completing residencies and practicing in other countries. 30 This diversity and possible increased experience may account for some of the increase in IM-ITE scores seen in IMGs. Several limitations should be considered when interpreting this study. First, this is not a randomized controlled trial. However, a randomized controlled trial would be difficult to perform in the residency with a significant possibility of unintended cross-over between groups. Appropriate observational studies are needed for this environment. Thus, we chose a cohort design at a leading medical center that included all eligible residents followed for 4 years during which a major online learning system was made available to them for the first time. Second, this study was conducted at a single institution, and the results may not necessarily be generalizable to other residencies. The characteristics of the curriculum and learning environment may be unique to each program and difficult to quantitate. 31 Although this is a large program with 4 years of data acquisition, the high caliber of learners, as noted by relatively high USMLE-1 scores (mean 230), may set this cohort apart from some other programs. However, the range of USMLE-1 scores for this cohort spans the gamut of possible scores (SD=15.3, range 187 to 266 with minimum passing score 180), so there is an adequate distribution of prior test performance to allow assessment of USMLE-1 score as a factor associated with IM-ITE score. The learning habits of this cohort could, in fact, be different from residents elsewhere. One might also speculate that demonstrating an association between learning behaviors and increased test performance would be more challenging in cohorts with a performance level that is already quite high. The magnitude of the results might actually be larger at institutions with learners who have less baseline knowledge (e.g., lower USMLE-1 scores). The associations of other learning habits that are difficult to objectively quantitate were not captured in this study. For example, UpToDate usage was the only reading habit that we were able to measure. Although this is one of the most popular learning resources among internal medicine residents, many are likely to use other resources as well. Learning from textbooks, journals, and popular internal medicine review materials (e.g., American College of Physicians Medical Knowledge and Self-Assessment Program) may well have important associations with knowledge acquisition, but their use is not measurable and not captured in this study. We cannot comment on the relative value of any of these reading materials on knowledge acquisition. It is also possible that UpToDate use may be a marker for increased self-directed study of other materials which, although unmeasurable, may be positively associated with increased IM-ITE scores. Finally, the conferences available to residents at our institution are not available to residents at other institutions. While we suspect that conferences at our institution are similar in content to those at many other residency programs, this finding needs verification in other training environments.
It should be noted that this study focused on a single dimension of physician competency, i.e., medical knowledge. This is the competency most easily measured quantitatively through standardized exams but, admittedly, is alone insufficient to being a good physician.
In conclusion, increased medical knowledge acquisition as measured by IM-ITE performance is associated with regular attendance at educational conferences and with use of an electronic knowledge resource. Previous evidence suggests that residents attempt to modify their learning behaviors based on IM-ITE scores. 11 Our study suggests learning modalities that may be helpful in this regard. Furthermore, many residency programs are in the midst of redesign to adjust to duty hour limits, new ACGME requirements to measure competency, and new opportunities to enhance both quality and safety. This study supports the importance of selfdirected learning habits in the training of physicians.
